ALISEO (Aerospace Leap-frog Imaging Stationary Interferometer for Earth Observation) belongs to the stationary interferometers representing a promising architecture for future Earth Observation (EO) sensors due to their simple optical layout. ALISEO has been selected by the Italian Space Agency as the principal payload for a new optical mission based on a micro-satellite (MIOsat). Payloads planned for MIOsat are an extensible telescope, a high-resolution panchromatic camera, a Mach-Zehnder MEMS interferometer, and ALISEO. MIOsat is expected to provide a platform with pointing capability for those advanced sensors. ALISEO operates in the common-path Sagnac configuration, and it does not employ any moving part to generate phase delay between the two rays. The sensor acquires the target images modulated by a pattern of autocorrelation functions: a fringe pattern that is fixed with respect to the instrument's field of view. The complete interferogram of each target location is retrieved introducing relative source-observer motion, which allows any image pixels to be observed under different phase delays. Recent laboratory measurements performed with ALISEO are described and discussed in this paper. In order to calibrate the optical path difference (OPD) of raw interferograms, a set of measurements have been carried out using a double planar diffuser system and several coloured He-Ne lasers. Standard reflectance tiles together doped with Holmium and Rare Earths have been used for validating the wavelength calibration of the instrument and proving the reliability of the reflectance retrieving procedure.
INTRODUCTION
In years past our Institute was appointed by the Italian Space Agency (ASI) to carry out a feasibility study aimed at determining the optimal characteristics of a space qualified version of this sensor, in the event of a low-cost technological demonstrator mission based on a micro-satellite. Subsequently, ASI selected ALISEO as the main payload for the first optical small mission based on a new micro-satellite (MIOsat), which also includes a high resolution panchromatic camera coupled with an extensible telescope, and a MEMS interferometer for atmospheric investigations. In May 2007 the kick-off meeting started up the activities for sensors development related to phases A and B. Expected mission and sensor requirements are detailed in the following tables. A valuable advantage of FT imaging spectrometers is their ability to change the sampled spectral range and their resolving power by simply adjusting the sensor sampling step and the instrument Field-Of-View (FOV) [1] [2] [3] . Critical points are connected with pre-filtering the incoming radiation in order to avoid aliasing artefacts in the retrieved spectra, and the heavy data pre-processing for compensating instrument response and possible acquisition artefacts 4 . Moreover, due to the nature of the acquired interferogram it is necessary to employ detectors with high accuracy of digitalisation 5 . In the following, after describing the main characteristics of the prototype imaging interferometer developed at our Institute, some theoretical issues concerning sampling theory in "common path" imaging interferometry are investigated. The procedures for extracting pixel interferograms from a complete set of images and the methods for calibrating the instrument response are presented in section dedicated to Experimental Activity together with some experimental results. Finally the outcomes from our investigation as well as to sketch future work and open problems are summarized.
2.ALISEO INSTRUMENT CONCEPT
ALISEO acquires the target image as modulated by a pattern of autocorrelation functions of the energy coming from each pixel. The complete interferogram of any target locations is observed introducing relative source-observer motion, which allows each pixel to be observed while going across the entire pattern of EM autocorrelation function.
The interferometr optical layout is shown below:
Light is collected from lens L, then the two interfering rays produced by the beam-splitter BS and the two folding mirrors M1 and M2 are focused onto the CCD by the camera lens P. It is easy to demonstrate that the BS is the fundamental component, which provides phase-delay between the two coherent interfering rays. The Optical Path Difference (OPD) between the recombining beams linearly changes with the angle formed by the entering ray onto the instrument optical axis. Fig. 2 shows a picture of the airbone ptototype of ALISEO. Like the Michelson device this Sagnac interferometer uses a 45 o BS, which gives rise to two coherent images of the same target. Being located along the common triangular path of the two interfering images, the beam-splitter produces a fixed (stationary) pattern of interference fringes of equal thickness (Fizeau fringes). Due to the absence of entrance slit the device acquires the image of the target superimposed to a fixed pattern of interference fringes. Fig.3 displays a single-frame acquisition of the landscape around Florence (Italy). Due to low coherence of solar radiation, the fringes visibility (and their number) is limited to a small central region of the collected image. The dark central fringe corresponds to the null optical path difference between the two interfering rays. Due to the relative sensor-object motion each target's location crosses the entire interference pattern, hence the corresponding pixel is observed under different phase delays when the scene is framed repeatedly in time 6, 7 . In a different wording, the collected image sequence forms a 3-dim array of data (image stack). This data-cube is first processed in order to extract the complete interferogram ofevery target's point, and then it is cosine inverse transformed to yield a hyperspectral data-cube. Stack geometry is related to important characteristics of sensor and acquired data. As an instance, image sequence and target-sensor relative velocity govern the actual optical path difference between consecutive sample of a retrieved interferogram.
Instrument response: theoretical issues
The complete raw interferogram of the energy coming from a certain pixel of the observed scene is pre-filtered due to the finite pixel dimension p , and uniformly sampled in a region limited by the detector size D . Therefore the measured interferogram ) (x i may be expressed as:
being x the generic sample (pixel) position. It can be easily shown that the relationship between OPD and the entering ray direction ϑ is linear, as long as the device FOV is not superior to a few degrees:
being a the proportionality constant between OPD and ϑ , and f the focal plane distance from the camera lens. The constant a is related to the maximum digitised optical path difference max
OPD
and to the maximum angle max ϑ .
The raw interferogram is constituted by a pair of values ( )
, which indicate respectively the pixel position on the matrix and the corresponding electronic signal expressed in digital number. According to Shannon's theorem the interferogram sampling frequency s k should be grater than the full bandwidth max k of the concerned signal:
In view of Eq.3 the minimum wavelength min λ we can reconstruct avoiding signal aliasing is OPD δ λ 2 min = , OPD δ being the optical path difference subtended by two adjacent pixels. Otherwise speaking, the greatest wavenumber (i.e. the shortest wavelength) one can observe without aliasing is that wavelength for which two detector elements must cover one fringe cycle. All wavelengths longer than this limit will have their fringe cycles sampled by two detector elements or more.
Signal-to-Noise Ratio (SNR) and noise
For sake of simplicity we accept a signal model characterised by a white zero-mean, additive noise contribution ) (x e superimposed onto the ideal signal ) (x i id , x being a generic OPD. The transformation between spectrum and interferogram domains will be represented by the standard Fourier transform (the correct formulation can be found taking the real part of the result). The above equations show the noise ) (x e affecting the measured interferogram and its spectrum ) (k N have the same mean and standard deviation, and that the two fields share the same properties: they are stationary and white. It is worth noting that as long as signal calibration procedure is a linear operator, it changes in the same way the signal and the related noise, with the SNR being the same in both domains. ) have been employed for illuminating a double planar diffuser in order to obtain a homogeneous and isotropic radiation distribution inside the instrument FOV. The ability of an arrangement of two diffusers placed on parallel planes to produce a spatially and angularly flat radiation flux has been already assessed in a previous paper 8 . Fig. 4 shows a single image-frame obtained with the green laser source. The high number of these interference fringes is related to the high intrinsic coherence-degree of the employed radiation source and it is limited by the finite angular divergence of the entering rays. The pre-processed interferogram should have a null-mean, starting and ending tails approaching to zero, and any optical artefact removed. In order to achieve these characteristics, we have elaborated a general scheme which is based on the following main steps 9 : -dark signal subtraction to account bias and noise in the detector electronic stage; -instrument spatial response compensation to remove saturated pixels, hot and cold pixels, and fixed-pattern noise; -geometrical and radiometric distortion correction to remove effects of vignetting and spatial shift of the fringes; -DC-offset subtraction -apodization to avoid "Gibbs effect" (ringing phenomenon); -cosine inverse transform to retrieve the un-calibrated at-sensor radiance spectrum;
EXPERIMENTAL ACTIVITY

Calibration procedure
An ideal interferogram is symmetric with respect to the zero path difference, since it contains cosine contributions only. However, in real interferograms many disturbances may destroy this symmetry 10 . After subtracting a dark signal image the data have been calibrated using a flat-field image acquired illuminating the sensor through the double diffuser. Form the image as far obtained an interferogram averaged over all image pixels has been extracted. The spectral dispersion of optical path differences, which is due to the dispersion law of the refractive index of the beam splitter makes the calibration of the OPD axis really a complex task. When a broad spectral range is exploited, the OPD values may significantly depend upon the spectrum of the observed target. Thus the inversion model of the interferogram as well as the spectral calibration of the sensor might be difficult and their interpretation ambiguous. The un-calibrated radiance, retrieved applying gaussian apodization are plotted versus wavelengths in Fig.6 . Due to the circumstance that the employed spectral source may be approximated to an impulse-like radiation source, this measurement is also a good test to estimate the instrument spectral resolution: roughly 23 nm at 632 nm. Let us note that the spectral resolution has been lowered due to apodization. and OPD spectral dispersion. 
SNR estimates
We have executed 40 measurements employing a 600W halogen lamp, each measurement being constituted by 30 frames. The mean and the standard deviation have been computed for each pixel-sample, hence obtaining a set of 1024 mean and standard deviation values interferograms. The SNR and the noise amplitude have been so estimated, and their plots are shown in Fig.7 . 
Reflectance spectra extraction
Standard reflectance tiles together with diffusers doped with Holmium and Rare Earths have been used to check the reflectance spectra retrieved from ALISEO interferograms. For each tile a complete interferogram has been reconstructed, then the at-sensor radiance have been computed. Reflectance spectra are calculated taking as reference the radiance spectrum extracted from a Spectralon tile. Results of these measurements are plotted in figure 8 . Retrieved reflectance spectra have been used to verify the wavelength calibration of the instrument. The obtained results are in fair agreement with reference data. We suppose that partial departure of retrieved spectra from refernces is caused by the still insufficient compensation of the spectral dispersion of OPD. 
5.CONCLUSIONS
In this paper an imaging interferometer laboratory prototype of the ALISEO sensor has been presented. The optical layout and the configuration of the instrument have been analysed, and the main differences with existing interferometers have been assessed. A procedure to retrieve the at-sensor radiance has been presented and discussed. Experimental investigation carried out at our Institute allowed us to measure the interferometer spectral resolution and the range of wavelengths that can be reconstructed. Future activities will be devoted to the implementation of a procedure for performing atmospheric corrections of the acquired images on board of an aircraft. 
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